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6WUDWHJ\RI/DWYLD´HVWDEOLVKHVWKDWUHQHZDEOHHQHUJ\VRXUFHVVKDUHLQJURVVILQDOHQHUJ\FRQVXPSWLRQPXVWEH
7KLVPHDQV/DWYLDKDVWRLQFUHDVHDVKDUHRIUHQHZDEOHHQHUJ\VRXUFHVE\>@
7RUHDFKWKHJRDOVVXVWDLQDEOHELRPDVVHQHUJ\SURGXFWLRQV\VWHPVPXVWEHGHYHORSHG7RSURPRWHFRJHQHUDWLRQ
RIKHDWDQGHOHFWULFLW\WKH(XURSHDQ&RPPLVVLRQKDVDGRSWHG'LUHFWLYH(&ZKHUHFRJHQHUDWLRQDQGLWVPDLQ
FKDUDFWHULVWLFVDUHGHILQHG>@
'LUHFWFRPEXVWLRQRIELRPDVVLVDWUDGLWLRQDOPHWKRGIRUKHDWSURGXFWLRQ&XUUHQWO\LQUHJLRQVWKDWGHPDQGKHDW
DQGHOHFWULFLW\FRJHQHUDWLRQV\VWHPVDUHDVXVWDLQDEOHVROXWLRQZKHQXVLQJDGYDQFHGWHFKQRORJLHVVXFKDVIOXLGL]HG
EHGFRPEXVWLRQERLOHUV>@
&RJHQHUDWLRQ LV WKH FRPELQHG SURGXFWLRQ LQ RQH WHFKQRORJ\ SURFHVV ZKHUH KHDW DQG HOHFWULFLW\ LV SURGXFHG
%LRPDVVFRJHQHUDWLRQV\VWHPVDUHEHFRPLQJZLGHO\SRSXODUDQGPDQ\UHVHDUFKHVKDYHEHHQGHYHORSHGLQWKLVILHOG
'LIIHUHQWELRPDVVIXHOVFDQEHXVHGLQFRJHQHUDWLRQVXFKDVELRJDVZRRGFKLSVSHDWHWF>@
%LRPDVVFRJHQHUDWLRQLVDVXVWDLQDEOHVROXWLRQIRUSURGXFLQJHQHUJ\)LUVWO\ELRPDVVLVDVXVWDLQDEOHIXHOZKLFK
LVFRQVLGHUHGDV&2QHXWUDO6HFRQGO\OHVVIXHOLVQHHGHGWRSURGXFHDJLYHQDPRXQWRIWKHUPDOHQHUJ\DQGHOHFWULFLW\
LQDFRJHQHUDWLRQWKDQWRSURGXFHWKHVDPHDPRXQWRIHQHUJ\VHSDUDWHO\,QVRPHVLWXDWLRQV WKHUHGXFWLRQRIIXHO
FRQVXPSWLRQFDQEH>@
,Q WKLVSDSHU WKH VXVWDLQDEOHGHYHORSPHQWRIELRPDVV&+3SODQWV LQ/DWYLDDUHVWXGLHG7KHVKDUHRIELRPDVV
FRJHQHUDWLRQ DQG ELRPDVV ERLOHUV LQ GLVWULFW KHDWLQJ LV DQDO\]HG $QDO\VLV RI WKH FXUUHQW VLWXDWLRQ LV UHTXLUHG WR
FRQWLQXHVXVWDLQDEOHGHYHORSPHQWRI&+3¶VELRPDVVSODQWVLQ/DWYLD
0HWKRGRORJ\
6HYHUDOPHWKRGVFDQEHXVHG WRVWXG\HQHUJ\SURGXFWLRQV\VWHPV¶SHUIRUPDQFH WKHPRVWFRPPRQRI WKHPDUH
GLVFXVVHGLQWKLVFKDSWHU
2.1. Sustainability indicators 
6XVWDLQDELOLW\LQGLFDWRUVDUHDFRPPRQO\XVHGWRROWRVWXG\WKHHQHUJ\VHFWRUDQGWRH[SODLQLWWRSROLF\PDNHUV
$GHTXDWHO\FKRVHQLQGLFDWRUV WXUQVWDWLVWLFDO LQIRUPDWLRQLQWRDPRUHXQGHUVWDQGDEOHYLHZRQDQLVVXHDQGKHOSWR
PRUHFOHDUO\XQGHUVWDQGWKHZKROHV\VWHP'LIIHUHQWIUDPHZRUNVKDYHEHHQXVHGWRFUHDWHVXVWDLQDEOHGHYHORSPHQW
LQGLFDWRUV>@
7KH3UHVVXUH6WDWH5HVSRQVHIUDPHZRUN365ZDVGHYHORSHGWRDQDO\]HHQYLURQPHQWDOLPSDFWVDQGGHSHQGVRQ
FRPPRQERQGVWRLGHQWLI\GULYHUVDQGRXWFRPHV)UDPHZRUNVZKLFKDUHHFRV\VWHPZHOOEHLQJRULHQWHGIUDPHZRUNV
GHSHQGRQSHRSOH¶VFDSDELOLWLHV IXQFWLRQLQJDQGIHHOLQJV7KHUHDUHRWKHUIUDPHZRUNVZKLFKGHSHQGRQVWRFNVRI
GLIIHUHQWW\SHVRIFDSLWDO>@
365LVXVHGLQGLIIHUHQWDSSURDFKHV.HQ)'+XJKH\ZLWKKLVFROOHDJXHVKDYHPDGH365IUDPHZRUNWRDQDO\]H
WKH1HZ=HDODQGHQYLURQPHQW%:ROIVOHKQHUDQG+9DFLNKDYHVWXGLHGVXVWDLQDEOHIRUHVWPDQDJHPHQWZLWK365
7KHVHGLIIHUHQWVWXGLHVVKRZWKDW365FDQEHXVHGIRUODUJHVFDOHV\VWHPVOLNHDFRXQWU\RUIRUVPDOOHUV\VWHPVOLNH
IRUHVWV>@
)UDPHZRUNVFDQEHWRSGRZQDQGERWWRPXSEXWFRPPRQO\XVHGRQHVDUHWRSGRZQEHFDXVHRIWKHLQGLFDWRUV
GHILQHGDQGPHDVXUHGE\LQWHUQDWLRQDODQGQDWLRQDOLQVWLWXWLRQV7KUHHFDWHJRULHVRILQGLFDWRUVFDQEHGHILQHGVLQJOH
LQGLFDWRUVGDVKERDUGLQGLFDWRUVDQGFRPSRVLWHLQGLFHV,QGLFDWRUVVXFKDV*'3SHUFDSLWDVKDUHRIELRPDVV&+3
VKDUHRIELRPDVVLQGLVWULFWKHDWLQJHWFDUHXVHG>@
2.2. Energy 
*HQHUDOO\HQHUJ\ZKLFKLVUHQHZDEOHDQGFRQWLQXRXVPHDQLQJWKDWFRQVXPSWLRQRIHQHUJ\ZLOOQRWPDNHKDUPIXO
HIIHFWIRUIXWXUHJHQHUDWLRQVFDQEHFRQVLGHUHGDVVXVWDLQDEOHHQHUJ\)UDQJRSRXORVFRPSDUHGHQHUJ\SURGXFWLRQLQ
&+3 DQG QRQ&+3 V\VWHPV (QHUJ\ SURGXFWLRQ LQ &+3 VKRZHG JUHDWHU HIILFLHQF\ YDOXH LQ KHDW DQG HOHFWULFLW\
SURGXFWLRQKRZHYHURSWLPDOGHVLJQDQGRSHUDWLRQRQFRJHQHUDWLRQV\VWHPLVFUXFLDO>@
 
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2.3. Exergy 
([HUJ\FDQEHDQDFFHSWDEOHWRROIRUPHDVXULQJWKHTXDOLW\RIQDWXUDOUHVRXUFHVDQGWKXVH[HUJ\DQDO\VLVFDQEH
XVHGWRLPSURYHVXVWDLQDELOLW\RIHQHUJ\SURGXFWLRQ8VDJHRIUHVRXUFHVDQGSURGXFHGHPLVVLRQVFDQEHH[SUHVVHGLQ
RQH H[HUJ\EDVHG LQGLFDWRU 7KHUHIRUH H[HUJ\ FDQ LPSURYH VXVWDLQDELOLW\ ZKHQ H[HUJ\ ORVVHV DUH GLPLQLVKHG
VXVWDLQDELOLW\LQFUHDVHV7KHH[HUJ\RITXDQWLW\RIHQHUJ\LVDPHDVXUHRILWVXVHIXOQHVVTXDOLW\RUSRWHQWLDOWRFDXVH
FKDQJH>@
2.4. Emergy 
(PHUJ\LVWKHDYDLODELOLW\RIHQHUJ\H[HUJ\RIRQHNLQGWKDWLVXVHGXSLQWUDQVIRUPDWLRQVGLUHFWO\DQGLQGLUHFWO\
WRPDNH DSURGXFW RU VHUYLFH(PHUJ\ LV DEEUHYLDWHG DV VH-ZKLFK DUH VRODU HPMRXOHV 6WXG\LQJ V\VWHPV HPHUJ\
LQFOXGHV DOO LQSXWV WKDW HIIHFWV V\VWHP LQFOXGLQJ HFRQRPLF DQG HQYLURQPHQWDO DVSHFWV (PHUJ\ DQDO\VLV XVHV
WUDQVIRUPLWLHV WRFRQYHUWDOO LQSXWV LQWR VRODUHPHUJ\7UDQVIRUPLW\ LVD FRHIILFLHQWZKLFKVKRZVKRZPXFKVRODU
HQHUJ\LVXVHGWRFUHDWHRQHXQLWRIVSHFLILFLQSXW>±@
$IWHUFDOFXODWLQJDV\VWHP¶VHPHUJ\HPHUJ\LQGLFDWRUVDUHXVHGIRUDQDO\]LQJDQGGHVFULELQJWKHV\VWHP6HYHUDO
HPHUJ\LQGLFDWRUVFDQEHXVHGEXWRQHRIWKHPGHVFULEHVVXVWDLQDELOLW\RIWKHV\VWHPDQGLWLVFDOOHGWKHHQYLURQPHQWDO
VXVWDLQDELOLW\LQGH[(6,(6,LVDUDWLREHWZHHQHPHUJ\\LHOGUDWLR(<5DQGHQYLURQPHQWDOORDGLQJUDWLR(/5$VD
UHODWLYHPHDVXUHLI(6,LVOHVVWKDQ±WKHV\VWHPLVQRWVXVWDLQDEOH0HGLXPVXVWDLQDELOLW\LVDWPHDVXUH±DQGZKHQ
WKHV\VWHP¶V(6,LVJUHDWHUWKDQV\VWHPFDQEHFDOOHGWRWDOO\VXVWDLQDEOH>@
(PHUJ\ DQDO\VLV FDQ EH XVHG IRU DQDO\]LQJ HQHUJ\ SURGXFWLRQ V\VWHPV VHYHUDO VWXGLHV KDYH EHHQ DSSOLHG IRU
GLIIHUHQW NLQGV RI HQHUJ\ SURGXFWLRQ V\VWHPV >±@ $XWKRUV DOVR KDYH VWXGLHG HPHUJ\ DQDO\VLV DSSOLFDWLRQ LQ
FRJHQHUDWLRQDQGUHVXOWVVKRZHGWKDWHPHUJ\DQDO\VLVFDQEHDSSOLHGLQFRJHQHUDWLRQV\VWHPV>@
5HVXOWV
5HVXOWVVKRZWKHVXVWDLQDEOHGHYHORSPHQWRIELRPDVV&+3SODQWVLQ/DWYLD7KHVKDUHRIELRPDVVFRJHQHUDWLRQ
DQGELRPDVVERLOHUVLQGLVWULFWKHDWLQJLVDQDO\]HG
7KHVWXG\VKRZVWKDWWKHVKDUHRIELRPDVVDVIXHOIRUGLVWULFWKHDWLQJV\VWHPVLQFUHDVHVUHFHQWO\)LJXUHVKRZVD
VKDUHRIIXHOVIRUGLVWULFWKHDWLQJLQ/DWYLDIURPWR


)LJ6KDUHRIIXHOVIRUGLVWULFWKHDWLQJLQ/DWYLD
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,QWKHVKDUHRIELRPDVVLQFUHDVHGWR$VVKRZQLQ)LJWKHODUJHVWSDUWRIWKLVLQFUHDVHZDVFUHDWHG
E\ELRPDVV&+3V7DEOHVKRZVW\SHVRI&+3XVHGLQ/DWYLDDQGWKHLULQVWDOOHGHOHFWULFDOFDSDFLW\LQ
7DEOH(OHFWULFDOFDSDFLW\RI&+3V
)XHOW\SH 1XPEHURI&+3V ,QVWDOOHGHOHFWULFDOFDSDFLW\0: 1XPEHURI&+3V ,QVWDOOHGHOHFWULFDOFDSDFLW\
1DWXUDOJDV    
%LRJDV    
%LRPDVV    
&RDORLO    
7RWDO    

7DEOHVKRZVWKDWLQVWDOOHGHOHFWULFDOFDSDFLW\VKDUHEHWZHHQIXHOW\SHVGLIIHUVIURPQXPEHURI&+37KHUHDVRQ
IRU WKLV LV WZRQDWXUDOJDVIXHOHG WKHUPRHOHFWULFDOFRJHQHUDWLRQSODQWV LQ5LJD WKH LQVWDOOHGHOHFWULFDOFDSDFLW\RI
ZKLFKDUH0:DQG0:
,QWHQVLYHLQVWDOOLQJRIELRPDVVFRJHQHUDWLRQSODQWVKDYHEHHQREVHUYHGLQWKHODVW\HDUVDVVKRZQLQ)LJ


)LJ1XPEHURIELRPDVVFRJHQHUDWLRQDQGWKHLULQVWDOOHGFDSDFLW\FKDQJHRYHUWKH\HDUV
5DSLGLQVWDOODWLRQRIELRPDVVFRJHQHUDWLRQSODQWVLVREVHUYHGVLQFH$FRPSDULVRQRIDQGVKRZV
WKH QXPEHU RI FRJHQHUDWLRQ SODQWV LQFUHDVHG  WLPHV DQG WKHLU LQVWDOOHG HOHFWULFDO FDSDFLW\ LQFUHDVHG  WLPHV
&RPSDULVRQRIDQGLQGLFDWHGWKHQXPEHURIELRPDVVFRJHQHUDWLRQSODQWVLQFUHDVHGWLPHVDQGWKHLU
LQVWDOOHGHOHFWULFDOFDSDFLW\LQFUHDVHGWLPHV,QWKHELJJHVWELRPDVVFRJHQHUDWLRQSODQWZDVRSHQHGLQ-HOJDYD
DQGLWVLQVWDOOHGHOHFWULFDOFDSDFLW\LV0:,IWKHELRPDVVFRJHQHUDWLRQSODQWLQ-HOJDYDLVQRWWDNHQLQWRDFFRXQW
WKHDYHUDJHLQVWDOOHGHOHFWULFDOFDSDFLW\RIELRPDVVFRJHQHUDWLRQSODQWLQ/DWYLDLVDERXW0:7KLVGHVFULEHVWKH
VLWXDWLRQLQ/DWYLDELRPDVVFRJHQHUDWLRQSODQWVDUHLQVWDOOHGWRVPDOOHQHUJ\FRQVXPHUV
$IWHULQVWDOOLQJD0:ELRPDVV&+3LQ-HOJDYDWKHGLVWULFWKHDWLQJV\VWHPRIZKLFKZDVSUHYLRXVO\IXHOHG
E\QDWXUDOJDVQRZLVIXHOHGZLWKZRRGFKLSV+HDWSULFHGHFUHDVHGIURP(850:KWR(850:K
7KXVWKLVVSHFLILFELRPDVVFRJHQHUDWLRQSODQWLVDQH[DPSOHRIVXVWDLQDEOHHQHUJ\SURGXFWLRQEHFDXVHWKHXVDJHRID
QRQUHQHZDEOHUHVRXUFHGHFUHDVHGVLJQLILFDQWO\DQGLWDOVRDIIHFWHGWKHKHDWSULFH
$Q\FRJHQHUDWLRQSODQWLQVWDOODWLRQVWDUWVZLWKWKHHYDOXDWLRQRIDFRQVXPHUV¶KHDWORDG%DVHGRQWKHKHDWDPRXQW
UHTXLUHG E\ WKH FRQVXPHUV WKH RSWLPDO WHFKQRORJ\ RI FRJHQHUDWLRQ DQG SRZHU RI HTXLSPHQW LV VHOHFWHG:KHQ
VHOHFWLQJDWHFKQRORJ\RIFRJHQHUDWLRQRQHGHILQHVKRZPXFKHOHFWULFLW\ZLOOEHSURGXFHGGHSHQGLQJRQDSDUWLFXODU
KHDWORDG7KLVPHDQVZKHQWKHKHDWORDGLVLQFUHDVHGWKHSURGXFWLRQRIHOHFWULFLW\LQFUHDVHVDVZHOO2QHRIWKHZD\V
KRZWRLQFUHDVHKHDWORDGLVWRGHYHORSDSURGXFWLRQRISURGXFWVZKLFKDUHFRQQHFWHGZLWKWKHRSHUDWLRQRIWKHSODQW
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